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Abstract 
During their operation, modern aircraft engine components are subjected to increasingly demanding operating conditions, 
especially the high pressure turbine (HPT) blades. Such conditions cause these parts to undergo different types of time-dependent 
degradation, one of which is creep. A model using the finite element method (FEM) was developed, in order to be able to predict 
the creep behaviour of HPT blades. Flight data records (FDR) for a specific aircraft, provided by a commercial aviation 
company, were used to obtain thermal and mechanical data for three different flight cycles. In order to create the 3D model 
needed for the FEM analysis, a HPT blade scrap was scanned, and its chemical composition and material properties were 
obtained. The data that was gathered was fed into the FEM model and different simulations were run, first with a simplified 3D 
rectangular block shape, in order to better establish the model, and then with the real 3D mesh obtained from the blade scrap. The 
overall expected behaviour in terms of displacement was observed, in particular at the trailing edge of the blade. Therefore such a 
model can be useful in the goal of predicting turbine blade life, given a set of FDR data. 
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Abstract 
The work describes the process of joining the explosive layered materials. It will be presented attempt analytical process of 
connecting the wave and its impact on the effects of combining explosive. The calculations will be chosen for the base materials 
AA2519 and Ti6Al4V. Verification tests will be through the execution and evaluation of metallographic section connections on 
the scanning microscope. It will be performed confirmatory testing tomography giving the spatial distribution of stresses. Article 
is complete summary of the results of analytical calculations and attempts to combine the practical effect of explosive laminate 
AA2519-Ti6Al4V. 
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1. Int oduction 
Currently, perspective and dynamically developing mainstream is to design composites and laminates including 
laminate panels. Despite the many advantages of these alloys in progress continuous work on the modification and 
sometimes contradictory combination of mechanical properties for the commonly used construction materials. 
Proposal to create a modern material can be layered laminates in which one of the layers is an alloy Ti6Al4V 
a second stop AA2519.  
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Titanium alloy Ti6Al4V is widely used titanium alloy and has many applications in many industries ranging from 
everyday objects and ending with special designs and space. Aluminum alloys but in spite of very different 
mechanical properties also apply in the civil industry, aviation, aerospace and military. Combining these 
theoretically not weldable materials may be by explosive bonding. This process over the years has not been resolved 
from the theoretical. There are many theories that describe the process of merging, and so far not explained 
specifically which of them is the most appropriate approach [G.R Cowan (1971), S.A.A. Akbari-Mousavi(2008), F. 
Findik (2011), Y.Wang (2011), F. Grignon (2004), S.A.A. Akbari-Mousavi (2008)].  Changing parameters combine 
has an amazing effect on the type and quality of the connection. This translates into the subsequent mechanical 
properties and structural material. There is therefore a need to understand and analytical representation of an 
intervention input components affecting the future connection type [I.A. Bataev (2012), S. Jiang (2012), V.I Lysak 
(2003)]. 
Obtaining this laminate brings with it the need to be tested not only in terms of use as a construction material and 
be able to consciously control parameters combine explosive. Although the properties of the base materials are well 
known to a result of its connection material becomes completely different mechanical properties. There is a need to 
determine the effect of the impact of extortion inflicted on the subsequent impact resistance zone and mechanical 
properties of the starting material. An exemplary method of explosive bonding scheme shown in Fig. 1. 
 
 
a) b) 
 
Fig. 1. (a) diagram of basic welding system 1 – detonator, 2 – explosive material, 3 – protective pad, 4 – combined plate thickness g1, 5 – base 
plate with a thickness g2, 6 – substrate, 7 – spacer pins; (b) course of the collision plates welded explosion. 
Nomenclature 
h  initial distance between the surfaces of welded plates 
β  the angle of the collision 
Vc speed collision course equal to the parallel 
D  detonation velocity explosive  
H  height of the layer of explosive  
g1 plate thickness combined 
g2 thickness of the base plate. ( , , )x y tU  displacement vector;  
 ,   elastic (Lame) constants;  
yy , xy  stress tensor components;  ( , )xp x t  ( , )yp x t  components of traction vector at the surface  
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2. Results 
The work describes the process of joining the explosive layered materials. It will be presented attempt analytical 
process of connecting the wave and its impact on the effects of combining explosive. The calculations will be 
chosen for the base materials AA2519 and Ti6Al4V. Verification tests will be through the execution and evaluation 
of metallographic section zone connections on the scanning microscope. It will be performed confirmatory testing 
tomography giving the spatial distribution of stresses. Article is complete summary of the results of analytical 
calculations and attempts to combine the practical effect of explosive laminate AA2519-Ti6Al4V. 
 
Fig. 2. Connection area of AA2519/Ti6Al4V with the intermediate layer of AA1050 alloy. 
Tensile properties and chemical composition of the alloys combines were obtained and are presented in Tables 1 and 2. 
Table 1. Mechanical properties and chemical composition of AA2519 alloy 
 
Mechanical properties Chemical composition [wt%] 
Rp0,2 [MPa] Rm  [MPa] A  [%] Si Fe Cu Mg Zn Ti V Zr Sc 
312 335 6.5 0.06 0.08 5.77 0.18 0.01 0.04 0.12 0.2 0.36 
 
     Table 2. Mechanical properties and chemical composition of Ti6Al4V alloy 
 
Mechanical properties Chemical composition [wt%] 
Rp0.2 [MPa] Rm [MPa] A [%] O V Al Fe H C N 
950 1020 14 <0.20 3.5 5.5 <0.30 <0.0015 <0.08 <0.05 
 
The tests involved a layered composite formed by explosion welding of base materials in the form of AA2519 
aluminium alloy and Ti6Al4V titanium alloy with the intermediate layer of AA1050 alloy (Fig. 3).  
The work describes the process of joining the explosive layered materials. It will be presented attempt 
analytical process of connecting the wave and its impact on the effects of combining explosive. The calculations will 
be chosen for the base materials AA2519 and Ti6Al4V. Verification tests will be through the execution and 
evaluation of metallographic section zone connections on the scanning microscope. It will be performed 
confirmatory testing tomography giving the spatial distribution of stresses. Article is complete summary of the 
results of analytical calculations and attempts to combine the practical effect of explosive laminate AA2519-
Ti6Al4V. 
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Ti6Al4V. 
2378 I. Szachogluchowicz et al. / Procedia Structural Integrity 2 (2016) 2375–2380
4 Author name / Structural Integrity Procedia  00 (2016) 000–000 
 
 
a) b) 
  
Figure 3. (a) view of laminate Al-Ti made tomography;  (b) area and shape of connections alloyTi6Al4V. 
The explosion welding stands for the phenomenon of good bondage of surfaces of metal bodies, which collide 
at a certain angle, wherein at least one of them accelerates to the speed of about 1800...3000 m/s with the products 
of detonation of explosive charge. Herewith, one should note that the explosion itself, or rather the energy of 
detonation products expansion in the abovementioned process plays the second role providing the accelerated 
relative movement of the bodies and their consequent collision. The physical nature of the sources of such 
acceleration can be different, in instance, electromagnetic field (during the magnetic impulse welding), the energy of 
powder charge in the barrel of a weapon, the energy of explosion of electric conductor under high current etc. But in 
all cases the processes during the high-speed collision of solids are the same [Sniezek L. (2015)]. 
Since this paper considers only the mechanical processes acting in the bottom plate (substrate), the contact 
interaction of the latter with a specimen is modeled with locally applied tractions ( , )x tp , which move with the 
subsonic velocity at the substrate surface, and the substrate itself is modeled with an elastic half-plane (Fig. 4). Thus, 
the problem is reduced to determination of the displacement field in the half-plane, and in particular, the deformed 
shape of its surface 0y   ahead of the loading source and beneath it. 
 
  
Fig. 4. the sketch of the problem. 
 
In the mathematical sense, the problem is reduced to determination of the elastodynamics solution for the volume 
expansion function ( , )x y  and normal component ( , )yu x y  of the elastic displacement vector from the following 
system of partial differential equations [Totten (2003)].  
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( , ,0) ( , ,0) 0x y x y   ; ( , , 0) ( , , 0) 0y yu x y u x y  ;   (2) 
lim ( , , ) lim ( , , ) 0yy yx y t u x y t   ;      (3) 
( , ), ( , )yy y xy xp x t p x t    , 0y  ,      (4) 
where 1 ( 2 ) /c      and 2 /c    are the longitudinal and transversal waves propagation velocities in the 
substrate material;   and   are Lame’s elastic constants; 1 2/c c  ; ( , )xp x t  and ( , )yp x t  are the components of 
traction vector at the surface 0y  , which are defined as, 
( , ) ( , ) sin( ); ( , ) ( , ) cos( )x yp x t x t p x t x t  p p ,      (5) 
and   is an angle, at which upper and lower specimens collide during the explosion welding. References by G.E. 
Totten (2003). It should be mentioned that for successful bondage of two metals with explosion welding there exists 
certain dependence between the angle   and detonation velocity DV , which is experimentally determined for 
different pairs of metals that are welded. 
Principal mechanical effects, which determine the quality of welding, occur directly in the loading zone, thus for 
their accurate definition consider new coordinate system, which moves together with the loading 
1 ,Dx x V t y y   .      (6) 
Solving the problem and broader analysis is presented by L. Sniezek (2015): 
The numerical analysis is held for a substrate made of aluminium alloy, which has the following elastic 
properties [11,12]: 53.1 GPa  , 26.5 GPa  ; therefore, 31 6.3 10 m / sc    and 32 3.2 10 m / sc   , respectively. 
The Rayleigh wave velocity in this medium equals 32.98 10 m / sRc   . 
As it was mentioned above, the explosion welding occurs only at certain ratios between the detonation velocity 
and the angle, at which the oblique collision of the specimens occurs. At the calculations the detonation velocity DV  
( m/ s ) is selected in the range  2000;2900 ; the collision angle is in the range  0.24;0.35  (radian); and 
/ 0.01p   . The influence of ratio /p   on the separate components of the displacement vector is reduced to the 
scale factor. However, this ratio has significant effect on the shape of the half-plane’s surface, which is shown in 
Fig. 5 for 2800 m / sDV   and 0.3  .  
Herewith it should be accounted for the fact that the colliding specimen just before its contact with the substrate 
due to the explosion welding is under high-magnitude alternating bending loading. The latter can initiate plastic 
bands (zones of softened material) in this specimen, which will “fill” the wave-shaped substrate after the collision. 
This process will be accompanied and supported with high pressure of gases at the zone just beneath the contact 
area.  
Here it should be noted that for linearity conservation of the problem this ratio should be much less than one, 
however, in a crude approximation the results presented can predict the typical wave-structure of big scale at the 
surface of the substrate. 
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Fig. 5. the shape of the half-plane’s surface for different values of loading magnitude 
3. Summary 
The process of generating a waveform according to the parameters  DV  ( m/ s )  0.24;0.35  (radian); and / 0.01p    it is specified correctly. For a complete modeling and analysis of the missing included in the 
calculation of the transition layer which through mergers explosive is compressed and considerably cure and 
heating. It absorbs in this way a considerable amount of energy which results in a flat border of joining titanium 
alloy. The weakened in this way wave is not able to induce a similar effect with a much harder material. These 
comments will be subject to further consideration and will be another topic to take write an article. 
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